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(57) {Abstract ] 

[Problems to be Solved by the Invention ] 

temperature of suffering measurement site measureable novel 
temperature measurement element , and temperature 
measurement method which uses this are offered with remote 
state . 

[Means to Solve the Problems ] 

temperature measurement element L possessing 
temperature-sensitive magnetic member 3, 4 which covers 
periphery of permanent magnet 2 and said permanent magnet 
2. configuration it does, delects leak magnetic flux 6 from this 
temperature measurement element I with magnetic sensor 5, 
it measures temperature of non- measurement site on basisof 
that output. 
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[Claim (s)] 
[Claim 1 ] 

temperature measurement element . which designates thai it 
possesses temperature-sensitive magnetic member which 
covers periphery of permanent magnet and said permanent 
magnet as feature 

{Claim 2 ] 

As above-mentioned temperature-sensitive magnetic 
member . it leaves from above-mentioned permanent magnet 
following temperature-sensitive magnetic member of different 
plural of Curie temperature , and temperature measurement 
element . which isstated in Claim 1 which designates that it 
laminates in orderwhere Curie temperature becomes low as 
feature 

{Claim 3 ] 

As for above-mentioned temperature-sensitive magnetic 
member , temperature measurement element . which is stated 
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in the Claim 1 or 2 which designates that it consists of 
magnetic material which possesses Curie temperature in body 
temperature vicinity as feature 

(Claim 4 ] 

temperature measurement element , which is stated in Claim 
L 2 or 3 which designates that theabove-mentioned 
permanent magnet and at least one of temperature-sensitive 
magnetic member consist of lamella as feature 

(Claim 5 ] 

temperature measurement element which is stated in Claim 1 r 
2. 3 or 4 is installed in suffering measurement site , leak 
magnetic flux from said temperature measurement element is 
detected with magnetic sensor . temperature measurement 
method . which designates that temperature of 
above-mentioned suffering measurement site is measured on 
basis of that output as feature 



[Description of the Invention ] 
[0001] 

[Technological Field of Invention ] 

this invention is something regarding temperature 
measurement element , and temperature measurement method 
whichuses this, 

[0002] 

[Prior Art ] 

As conventional temperature measurement element ; 
temperature-measuring resistor which utilizes resistance 
change with temperature of the thermocouple 5 or metal which 
utilizes thermoelectromotive force which between joining 
point of metal line of thermistor and 2 kinds which utilize 
resistance change with the temperature of semiconductor it 
occurs with temperature difference is known, 

10003] 

{Problems to be Solved by the Invention ] 

But, there being a temperature measurement which uses 
conventional temperature measurement element . none 
through lead body .must become to connect temperature 
measurement element to measurement apparatus , because, 
embedding doing temperature measurement element of 
thermocouple and thermistor in for example inside the body , 
when itmeasures temperature of identification unit rank, it is 
necessary 1 to pull out the lead body from temperature 
measurement element which embedding it makes inside the 
bodv to in vitro section. 
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[0004] 

Because of this . Especially, high frequency heating doing 
identification unit rank of inside the body , like 
[haipaasaamiya ] device which heat therapy it does, when 
details of identification unit it needs rank audits vicinity and 
precision temperature measurement , embedding doing 
temperature measurement element of plural in identification 
unit rank and its vicinity , because it pulls respective lead 
body to the in vitro and comes out and you must become. 
There is a problem that burden of patient becomes large, 

[0005] 

As for this invention, paying attention to conventional 
problem a this way,being something which it is possible, first 
objective temperature of thesuffering measurement site 
measureable is to offer novel temperature measurement 
element with remote state . 

[0006] 

Furthermore, second objective of this invention is to offer 
temperature measurement method whichrneasures 
temperature making use of above-mentioned temperature 
measurement element , 

|0007] 

f Means to Solve the Problems ] 

In order to achieve above-mentioned first objective . 
invention of temperature measurement element which relates 
to Claim J is something which designates that itpossesses 
temperature-sensitive magnetic member which covers 
periphery of permanent magnet and said permanent magnet as 
feature. 

[0008] 

According to invention which is slated in Claim 3 . as for the 
temperature-sensitive magnetic member , magnetic force to 
decrease attendant upon temperature rise . when temperature 
reaches to critical temperature * namely Curie temperature of 
peculiar in temperature-sensitive magnetic member .because 
magnetic force is almost losi completely, magnetic flux from 
permanent magnet which leaks from temperature-sensitive 
magnetic member means to change according to temperature . 

Therefore, if leak magnetic flux from temperature 
measurement element is detected, because it becomespossible, 
to measure temperature of suffering measurement site where 
temperature measurement element is installed with remote 
state inside the body temperature measurement in medical 
field and it can apptyeffectively to temperature measurement 
with non- living environment site . 
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P,.-:r- ? ['..k'— - : lnsi;mi'MT '■ M;^hme TninshiEion U.'S PaK i ni Tnmskued una lom^med m Tsukuba, Japan. 



JP2001 03331 7A 



2001-2-9 



-So 



[00103 

USE* 2 |cEK<D*WI=«t*l-i* . ff ILfciiiK 

■ 3 ris«a«Mi=ttMLfcy.«i«wi=wjM'r 

{0011] 

4$ *m * ^ f£ § w£ Stfc 1" & t © T? & § 0 



10012] 



{0013] 
fOOM] 



Invention which is stated in Claim 2 it leaves from 
theabove-mentioned permanent magnet in temperature 
measurement element which is stated in Claim 1 * 
asabove-mentioned temperature-sensitive magnetic member , 
following temperature-sensitive magnetic member of different 
plural of the Curie temperature f and is something which 
designates that it laminates in tbeorder where Curie 
temperature becomes low as feature, 

[0010] 

To measure in stepwise it becomes possible extending to 
broad range f tomeasure temperature of suffering 
measurement site almost in continuous accordingto invention 
which is stated in Claim 2 > by setting Curie temperature of 
temperature-sensitive magnetic member of sequential which 
is laminated appropriately. 

[0011] 

As for invention which is stated in Claim 3 , as for 
theabove-mentioned temperature-sensitive magnetic member , 
it is something which designates that itconsists of magnetic 
material which possesses Curie temperature in body 
temperature vicinity asfeature in temperature measurement 
element which is stated in Claim 1 or 2. 

{0012] 

According to invention which is stated in Claim 3 , be able 
totise effectively to temperature measurement for especially 
body , when identification unit rankof for example inside the 
body is done heat therapy , in order for leak magnetic flux to 
increaserapidly with for example predetermined temperature 
{for example 42deg C ) as temperature measurement element , 
embedding designating the this temperature measurement 
element as identification unit rank and vicinity making use of 
those which configuration are done, in measuring temperature 
depending. It becomes possible to do correct temperature 
control . 

[0013] 

Invention which is stated in Claim 4 is something 
whichdesignates that above-mentioned permanent magnet and 
at least one of temperature-sensitive magnetic member consist 
of lamella in temperature measurement element which is 
stated in Claim 1, 2 or 3 , asfeature. 

[0014] 

According to invention which is stated in Claim 4 , because it 
ispossible, miniaturization to do temperature measurement 
element entirety by fact that making thin film it does 
embedding making identification unit rank of especially 
inside the body . when it measures temperature f it becomes 
possible to lighten from burden of the patient . 
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[00] 5] 

Furthermore, in order to achieve above-mentioned second 
objective . it issomeihing which designates that invention of 
temperature measurement method which is statedin Claim 5 
installs temperature measurement element which is stated in 
Claim ) . 2. 3 or 4 in thesuffering measurement site , detects 
leak magnetic flux from said temperature measurement 
elemen? with magnetic sensor .measures temperature of 
above-mentioned suffering measurement site on basisof that 
output as feature. 

[0016] 

temperature of suffering measurement site with remote state , 
furthermore itbecornes possible according to invention which 
is stated in the Claim 5 , without connecting temperature 
measurement element to measurement apparatus , to measure 
with the real time , 

[0017] 

[Embodiment of the Invention ] 

Below, referring to drawing , you explain concerning this 
Embodiment of Invention , 

Figure 1 is sectional view which shows one embodiment of 
temperature measurement element whichrelates to this 
invention. 

this temperature measurement element 1, in order to cover 
permanent magnet 2 and this permanent magnet 2 ; sequential 
has temperature-sensitive magnetic member 3 and 4 of two 
which is laminated. 

for example SmCo system and SmFeN system, it forms 
permanent magnet 2, with permanent magnet material where 
NdFeB or other strong permanent magnet materia) , namely 
{BH ) max is large. 

In addition, in order for Curie temperature Tl of 
temperature-sensitive magnetic member 3 of inside and the 
Curie temperature T2 of temperature-sensitive magnetic 
member 4 of outside to become TJ >T2. it forms the 
temperature-sensitive magnetic member 3, 4. 

With this embodiment . temperature-sensitive magnetic 
member 3. 4. with Ni Zn ferrate or other magnetic material , 
composition ratio is changed, the additive is mixed such as 
doing, Curie temperature TL T2 being body temperature 
vicinity , in order tobecome T1>T2. it forms, 

[DOISj 

According to temperature measurement element 1 which is 
shown in Figure 1 : as for temperature-sensitive magnetic 
member 3. 4 magnetic force to decrease respectively attendant 
upon temperature rise , becauseas for temperature-sensitive 
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magnetic member 3 with Curie temperature TL as for 
temperature-sensitive magnetic member 4 magnetic force is 
lostrespectively with Curie temperature T2. when temperature 
measurement element 1 is installed in thesuffering 
measurement site of body , with temperature where 
temperature T of thesuffering measurement site has T<T2, 
way it shows in Figure 2 (a ). as for magnetic flux from 
permanent magnet 2 r Most forms magnetic path inside 
temperature-sensitive magnetic member 3. 4. as for leak 
magnetic flux from temperature measurement element 3 in 
unusual is a little state . In addition, because with temperature 
which has T2*T<T1 . as for the temperature-sensitive 
magnetic member 4 of outside magnetic force is lost, as 
shown in Figure 2 (b ), the leak magnetic flux from 
temperature measurement element 1 becomes many in 
comparison with in case of the T<T2. Furthermore, when it 
becomes T^TL because also temperature-sensitive magnetic 
member 3 loses magnetic force , as shown in Figure 2 (c }, 
leak magnetic flux from temperature measurement element 3 
becomesmany in comparison with in case of T2*T<TL 

|0019] 

Therefore- as for leak magnetic flux from temperature 
measurement element 1 , to increase attendant upon 
temperature rise , because maximum (saturated ) with ii 
becomes with T*T1 ? if itdetects w ith magnetic sensor leak 
magnetic flux in location which separates the predetermined 
distance from temperature measurement element 1 . 
temperature of suffering measurement site with remote 
state , furthermore with real time it becomes possible to Tl on 
thebasis of that output to measure accurately. 

(0020] 

Here, in configuration which is shown in Figure I , as 
permanent magnet 2 makinguse of material (Curie 
temperature T2-44deg C ) which possesses temperature 
characteristic of magnetic flux density which in Figure 3 (a ) 
is shown with dot-dash line in addition material (Curie 
temperature TJ=60deg C ) whichpossesses temperature 
characteristic of magnetic flux density which in Figure 3 (a ) 
is shown with solid line making use of SmCornagnet of 0.5 
mm X 0.5mm X 0.5mm , as temperature-sensitive magnetic 
member 3. as the temperature-sensitive magnetic member 4, 
size of entirety produced temperature measurement element I 
of 4 mm X 4mm X 4mm , appraised the temperature 
measurement capacity . 

Furthermore, as for magnetic sensor which detects leak 
magnetic flux , flux *gate type magnetic sensor of ultrahigh 
sensitivity which is used for area magnetic detection etc 
wasused. 
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[0023] 



[0024] 



Figure 3 (b ) is something which shows measurement result . 

As been clear from figure 3 (b ). with temperature under 44 
deg C as for leak magnetic flux it is not for most part 
observed. Because with 44 deg C or greater 
temperature-sensitive magnetic member 4 of outside loses 
magnetic force . itundersiands that leak of magnetic flux starts 
occurring. 

In addition, when furthermore temperature rises, becomes 60 
deg C or greater because also temperature-sensitive magnetic 
member 3 of inside loses magnetic force . leak magnetic flux 
furthermore increasing you understand. 

From this measurement result , with 44 deg C and 60 deg C 
leak magnetic flux increased in the step , being able to 
measure temperature it was verified with remote state by 
measuring that that it is, 

[0022] 

Figure 4 is something which shows one embodiment of 
temperature measurement method whichrelates to this 
invention. 

It is something which, detecting leak magnetic flux 6 which 
responds to temperature from temperature measurement 
element J with this magnetic sensor 5. it tries to arrange 
magnetic sensor 5 tomeasure temperature of identification 
unit rank on basis of that output in the in vitro section to 
designate temperature measurement element 1 of 
configuration which is shown in Figure 1 as identification unit 
rank of inside the body with this embodiment , embedding 
across predetermined distance from temperature measurement 
element L 

Here, as for magnetic sensor 5, those of preferably ultrahigh 
sensitivity . for example above-mentioned flux *gate type 
magnetic sensor and magnetic impedance type magnetic 
sensor are used. 

[0023] 

Because temperature of identification unit rank of inside the 
body with remote state . can bemeasured with real time by 
detecting with magnetic sensor 5 according to the this 
temperature measurement method , without from temperature 
measurement element ! which embedding is made inside the 
body pulling ou? lead body to in vitro section, leak magnetic 
flux from temperature measurement element 1 in in vitro ; 
burden of patient can be lightened. 

[0024] 

Furthermore, this invention is not something which is limited 
in only embodiment which description above is done, 
numerous deformation ormodification is possible. 
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[0025] 



{0026] 



With embodiment which is shown in for example Figure 1 , 
Curie temperature encircling the periphery of permanent 
magnet 2 with temperature-sensitive magnetic member 3, 4 of 
different two layers . temperature measurement element ] was 
done the configuration . but temperature-sensitive magnetic 
member is done more, or Curie temperature configuration can 
alsoiaminate temperature-sensitive magnetic member of 
respective different three layers or more and do temperature 
measurement element . 

However, when temperature-sensitive magnetic member of 
three layers or more is laminated, in same way as embodiment 
which description above is done, it leaves from the permanent 
magnet following and it laminates in order where Curie 
temperature becomeslow. 

this way if temperature-sensitive magnetic member is 
provided three layers or more , by setting Curie temperature 
and composition etc of each temperature-sensitive magnetic 
member appropriately, as from temperature measurement 
element with wide temperature range . shown in Figure 5 (a ) 
attendant upon temperature rise , leak it can point to magnetic 
flux which almost increases in linear , As shown in Figure 5 
(b ). because magnetic flux which increases in the step with 
Curie temperature of temperature-sensitive magnetic member 
of sequential as boundary leak is possible, it becomes possible 
extending to broad range . to measure lemperature of 
suffering measurement site accurately according to 
measurement subject . 

[0025] 

in addition, when more temperature-sensitive magnetic 
member is provided in periphery of the permanent magnet . 
putting, when forms at least one of permanent magnet and 
temperature-sensitive magnetic member in the thin Film . or 
provides temperature-sensitive magnetic member of multiple 
layers in periphery of permanent magnet putting, it is possible 
also to form at least one among temperature-sensitive 
magnetic member of the permanent magnet and plural in thin 
film . 

If it makes this way. because temperature measurement 
element entirety miniaturization is possible .when embedding 
\t makes especially inside the body > burden of patient canbe 
lightened. 

(0026] 

Furthermore, with temperature measurement method which is 
shown in Figure 4 , it tried tomeasure lemperature of one site 
of inside the body , but case of the for example heat therapy , 
embedding to do respective temperature measurement 
element in identification unit rank and its vicinity of inside the 
body . detecting leak magnetic flux from each temperature 
measurement element individuallywith magnetic sensor 
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{0029] 



which corresponds, Also identification unit rank and it is 
possible to measure temperature of its vicinity . 

In case of this . it is possible also to use those where leak 
magnetic flux almost increases in linear as each temperature 
measurement element ; attendant upon temperature rise ? but in 
order temperature of identification unit rank to control with 
simplicity and high precision on basis of output of each 
magnetic sensor . it is desirable touse those where leak 
magnetic flux increases in step attendant upon the temperature 
rise . 

In addition, preventing interference of leak magnetic flux 
from each temperature measurement element An order to 
detect leak magnetic flux from temperature measurement 
element which corresponds witheach magnetic sensor 
effectively- setting geometry and mounting direction etc of 
the for example temperature measurement element 
appropriately, try to set magnetic detected direction which can 
give indicator characteristic indirection of magnetic flux 
which leaks from each temperature measurement element 
furthermore in each magnetic sensor appropriately. 

]f it makes this way, temperature of identification unit rank 
and its vicinity canbe measured in detail and precision . 

[0027] 

In addition, it can apply this invention, effectively to also the 
temperature measurement other than non~ living environment 
site or other body by setting Curie temperature of 
temperature-sensitive magnetic member appropriately. 

[0028] 

[Effects of the Invention ] 

Like above, according to temperature measurement element 
which relates to this invemiombecause periphery of 
permanent magnet has been covered with 
temperature-sensitive magnetic member . by thefact that 
magnetic flux which leaks from temperature measurement 
element according to temperature is detected, temperature of 
suffering measurement site where temperature measurement 
element isinstalled can be measured with remote state , 

[0029] 

Furthermore, deieciing leak magnetic flux from said 
temperature measurement element with magnetic sensor 
according to temperature measurement method which relates 
to this invention, making use ofabove-mentioned temperature 
measurement element . because it measures temperature , with 
the remote state . furthermore it can measure temperature of 
suffering measurement site with real time without pulling out 
lead body from temperature measurement element . 

[Brief Explanation ofthe Drawing {s )] 
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Drawings 
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[Figure 1 ] 

It is a sectional view which shows one embodiment of 
temperature measurement element which relates to this 
invention. 

[Figure 2 ] 

It is a figure in order to explain leak magnetic flux with 
different temperature from She temperature measurement 
element which is shown in Figure 1 . 

[Figure 3 ] 

It is a temperature characteristic of magnetic flux density of 
temperature-sensitive magnetic member in specific 
constitution of temperature measurement element which is 
shown in Figure 1 and a figure which shows temperature 
characteristic of the leak magnetic flux of temperature 
measurement element . 

{Figure 4 ] 

It is a figure which shows one embodiment of temperature 
measurement method which relates to this invention. 

[Figure 5 ] 

It is a figure which shows example of two of temperature 
characteristic of leak magnetic flux in temperature 
measurement element which relates to this invention. 

{Explanation of Symbols in Drawings ] 

1 

temperature measurement element 
2 

permanent magnet 
3 

temperature-sensitive magnetic member 
4 

temperature-sensitive magnetic member 
5 

magnetic sensor 
6 

leak magnetic flux 



[Figure 1 
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[Figure 4 ] 



im2l [Figure 2] 
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[Figure 3 ] 
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I® 5] [Figure 5] 
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